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INTRODUCTION
The retrieval of memories previously asso-
ciated with a drug of abuse may increase the
risk of relapse, even several years after absti-
nence (1). Similarly, memories associated
to a traumatic event may cause an emo-
tional disorder such as the post-traumatic
stress disorder (PTSD). Recent neuro-
science research has shown that memory
retrieval induces a transient state during
which memories are reactivated and then
updated, modified, or even deleted (2).
This transient process is called reconsolida-
tion (3). Although the therapeutic poten-
tial of the manipulation of reconsolidation
was raised only recently, the possibility to
modify reactivated memories is somehow
already applied in clinical interventions for
substance use disorders (SUD) and PTSD.
Besides the forward translation from
basic research to the clinic, there is now the
opportunity to apply a “reverse engineer-
ing” approach from the complexity of the
clinical setting to the underlying processes
and mechanisms (4). This approach may
make possible to better understand the
efficacy of current clinical interventions
by offering a conceptual framework for
enabling potential implementation.
In this paper, we summarize the pre-
clinical research evidence on the reconsol-
idation of emotional and appetitive mem-
ories. Then, we describe those human lab-
oratory studies that demonstrated the pos-
sibility to interfere with memory recon-
solidation. We also describe current clin-
ical interventions for SUD and PTSD that
act on memory processes and, finally, we
report about on-going therapeutic experi-
ences.
MEMORY RETRIEVAL AND
RECONSOLIDATION
Until recently, it was believed that mem-
ory, after being stored, is stable forever.
However, we now know that memories can
be retrieved to strengthen, add, or remove
information, and then updated through
a process called reconsolidation (5, 6).
Research both in humans and animals has
revealed the specific mechanisms under-
lying reconsolidation. It has been shown
that retrieval of specific information cor-
responds to the activation of molecular
cascades at the level of neurons, in particu-
lar N -methyl-d-aspartate glutamate recep-
tor (NMDARs) and β-adrenergic receptor
leading to activation of signaling path-
ways and phosphorylation of transcription
factors (7). When the mechanism is acti-
vated, it is vulnerable to being inhibited
or altered by other concomitant informa-
tion. The result is maintenance, disruption,
or update of the retrieved information.
The ability to retrieve and change some
memories could be the basis for the inter-
vention for disorders based on maladap-
tive memories, such as PTSD and SUD:
new and safe information could be inte-
grated into the initial memory trace so to
modifying it.
In fact, associative learning and mem-
ory play a central role both in SUD and
PTSD. The rewarding effects of drugs are
associated with several stimuli: psycholog-
ical states, people, objects, places, etc. As
drug use progresses, it develops an associa-
tion between these stimuli and drug effect.
Even after years of abstinence, the retrieval
of this associative memory may exert cue
reactivity, that is psychological, physiolog-
ical, and behavioral responses that may
trigger relapse (8). One important diag-
nostic cluster of PTSD is re-experiencing
the traumatic event as distressing memo-
ries and flashbacks triggered by reminders,
including external cues (9).
“LEARNING TO FORGET”:
POST-RETRIEVAL EXTINCTION OF
MEMORY
Extinction is traditionally referred as the
repeated exposure to conditioned stimuli
in the absence of unconditioned stimuli.
This unreinforced presentation of condi-
tioned stimuli leads to the extinction of
conditioned response. Extinction is not
the forgetting of the original association,
but it is new information about the asso-
ciation between the conditioned stimuli
and the unconditioned stimulus. Some
studies showed that an extinction ther-
apy provided after the retrieval of a mem-
ory previously acquired in the laboratory
alters the original memory (10). When
memories are retrieved via a short expo-
sure to stimuli associated to the trau-
matic event or to drug use, they enter
into a vulnerable stage that lasts from 1
to 6 h after the retrieval. During this win-
dow of lability, the extinction (defined as
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post-retrieval-extinction) may be applied.
Some pre-clinical studies both in ani-
mals (11, 12) and humans (12–15) have
shown that the post-retrieval-extinction
prevented relapse induced by stimuli pre-
viously associated with trauma or drugs
[but for critical issues and limitations, see
Ref. (16–20)]. These data suggested that
extinction applied during the labile phase
of memories interfere with the reconsolida-
tion of original trauma or drug memories.
It was seen that this type of manipula-
tion interfered selectively with the memo-
ries that have been retrieved and did not
alter other mnemonic traces. The effect
of post-retrieval-extinction was specific on
the process of reconsolidation. In fact, the
therapy was ineffective when administered
more than 6 h after the retrieval, when the
memories are already reconsolidated and
lability window is closed, or in the absence
of retrieval manipulation [for a review,
see Ref. (10)]. A study in a laboratory
model of PTSD in human beings revealed
that the effect of post-retrieval-extinction
is long-lasting: there was no recovery on
the original traumatic memory 1 year after
the administration of the post-retrieval-
extinction (14). A study on hospitalized
heroin ex-addicts demonstrated the effec-
tiveness of post-retrieval-extinction also
on memories associated with drugs of
abuse (12).
MEMORY MANIPULATION IN THE
CLINICAL INTERVENTION FOR SUD
AND PTSD
Although several authors have recently sug-
gested the manipulation of reconsolida-
tion as a novel potential target for the
treatment of PTSD or SUD, it should
be noted that in clinical practice, there
are already approaches that are based
on memory retrieval of traumatic events
or of drug-related events. It is there-
fore likely that the manipulation of the
pathological memories via modulation
of retrieval/reconsolidation processes is
already a component of some clinical inter-
ventions. Recently, Gorman and Roose (21)
speculated that “the modification of old
memories reactivated by adding new ele-
ments of understanding, resulting in obtain-
ing a version less pathogenic is a crucial
part of what happens in the psychoanalytic
process.” They recognized that “important
similarities between the ability to extinguish
a memory of fear in the laboratory through
blockade of reconsolidation and the spe-
cific situation of psychoanalytic psychother-
apy, in which the material removed is reac-
tivated through the transference, reworked
consciously and therefore subject to repres-
sion and new relegated the unconscious.”
Other therapeutic approaches could be
re-interpreted as an application of the post-
retrieval-extinction. The“Prolonged Expo-
sure Therapy” is an approach to PTSD
based on the reactivation of trauma mem-
ory that has been validated in several stud-
ies (22). This approach was tested in a
comorbid PTSD/SUD patient population
with a randomized trial in which a group
received only the usual treatment for SUD,
while the other group received a concomi-
tant treatment of trauma exposure. The
latter group showed an improvement in
PTSD symptoms, but not differences in
the severity of SUD. The Authors sug-
gested the possibility of applying the ther-
apy of trauma exposure in subjects with
SUD without the risk of worsening the
dependence (23).
The “desensitization eye movement and
reprocessing” (EMDR) is a therapeutic
practice for the treatment of PTSD firstly
proposed by Shapiro (24). This approach
combines the retrieval of traumatic mem-
ories with saccadic eye movements and
other forms of bilateral stimuli, for exam-
ple, auditory or tactile. The effectiveness of
EMDR is explained as the result of inserting
new information in the traumatic mem-
ory. Controlled studies have shown that
saccadic eye movements reduced the emo-
tional swings and increased attention and
ability to reactivate the episodic memory.
EMDR may work by changing dysfunc-
tional stored information to a more adap-
tive way. This approach is an intervention
for PTSD that is based on modification of
retrieved memory and could be applied as
a set of standardized procedures and pro-
tocols in a reproducible setting. Based on
these results, Shapiro proposed a proto-
col (25) in which both traumatic mem-
ories and components specifically related
to addictive behavior were retrieved. Hase
et al. (26) reported the application of
EMDR in hospitalized alcoholics with a
study on randomized vs. control groups
treated with traditional interventions. The
craving for alcohol significantly decreased
in the group treated with EMDR more than
in the control group, both during the inter-
vention and at 1 month later. Notewor-
thy, only the memory associated to alco-
hol, and not to traumatic memories, was
actively recalled in the study. Authors con-
cluded that remodeling of alcohol memory
could occur independently from that of
traumatic memories, even in patients with
comorbid PTSD/alcoholism.
It has been recently proposed the poten-
tial usefulness of applying the therapeu-
tic interventions for PTSD to addiction
(27–29). This approach is based on two
assumptions: (1) some of those with type
I dependence appears to have a history of
traumatic events, with a use of substance
as an attempted PTSD self-treatment; (2)
alcohol and drugs induce a traumatic-
like situation, i.e., as a separation between
emotional and cognitive functions.
We have applied this type of model in
the residential program “Villa Soranzo,”
Italy (30). This type of approach unlocks
traumatic memories using EMDR, emo-
tional approaches, body-work, art-therapy,
and other non-verbal techniques, in small
specific therapeutic trauma groups (8–12
patients) within the traditional interven-
tions for addiction, such as relapse pre-
vention and anti-craving pharmacotherapy
(30). The cognitive processing is immedi-
ately afterward mainly duty of the individ-
ual therapeutic sessions. In this “Soranzo
model,” unlike Mills et al. (23), the mem-
ory of the substance use experiences and
of their emotional associations is consid-
ered an integral part of PTSD intervention.
This program has been applied to both sub-
jects with SUD only, particularly alcohol
and cocaine, and in patients with comorbid
PTSD/SUD.
The results, based on our clinical experi-
ence and follow-up at 6, 12, and 18 months,
showed greater compliance to therapeutic
program and to instructions for aftercare,
a lower number of relapses and lapses, and
a more complete elaboration by the patient
of the issues underlying the addiction, par-
ticularly traumatic events (30). For patients
with a comorbid PTSD, we also observed
the reduction of specific symptoms.
THE PERSPECTIVE OF “REVERSE
ENGINEERING”
An intervention based on retrieval/
reconsolidation may have greater effective-
ness, especially as far as inter-individual
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variability and risk of relapse are con-
cerned, compared to existing approaches.
It could be the first prototypic example of
a treatment that addresses the pathogenic
mechanisms of addiction allocated in the
memory of the patient. A treatment of this
type should include a retrieval phase in
which each patient retrieve specific indi-
vidual memories associated to both drug
and traumatic experiences, context, or dis-
crete cues (12, 31, 32). During the following
phase of reconsolidation, within 1 to 6 h,
memories could be associated with new
non-drug-related information. This type
of treatment should be given: (i) when the
patient is able to feel his/her emotions and
craving and (ii) in a condition that does not
allow the patient to relapse (e.g., inpatient).
The first point is much less obvious than it
seems: most of the patients do not show
craving and do not feel emotions if they
are currently using the drug to which they
are addicted. Those patients who experi-
ence craving even if they are not absti-
nent tend to seek for the drug, eventually
resulting in drug-taking. In order to apply
the retrieval/reconsolidation treatment, it
is therefore necessary that patients must be
abstinent for at least a week. Regarding the
second point, we suggest to perform this
type of treatment in a residential setting,
as actually happened in the trials reported
above.
The proposed model for comorbid
PTSD/SUD in which the common element
is the memory, could provide a new epis-
temological model useful for the under-
standing of other psychiatric conditions.
It opens up a horizon by unthinkable
developments: a new psychotherapy based
on neuroscientific findings as a “common
core” of psychopathology and diagnostic
classification.
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